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ELECTROPHOTOGRAPHIC PHOTORECEPTOR 

FIELD OF THE INVENTION 

The present invention relates to an electrophotographic 
photoreceptor, a processing cartridge, an image forming 
apparatus and an image forming method to be used for image 
formation by the electrophotographic process, further in 
detail, relates to the electrophotographic photoreceptor, 
processing cartridge, image forming apparatus and image 
forming method to be used for image formation by the 
electrophotographic process commonly used in the field of 
copying machine and printer. 

BACKGROUND OF THE INVENTION 

Recently, organic photoreceptor has become the 
principal type of electrophotographic photoreceptors in place 
of an inorganic photoreceptor. The reason being that organic 
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photoreceptor has a wider selection range of a photosensitive 
material, superiority in environmental suitability and lower 
cost compared with an inorganic photoreceptor such as a 
selenium photoreceptor and an amorphous silicon 
photoreceptor . 

Besides, digital image forming system using a LED or a 
laser as the light source is rapidly permeating in the field 
of a printer for personal computer and usual copying machine 
for reason of ease of image processing and development of a 
combined machine function. In addition, technique has been 
developed to progress the precision of the image and to form 
a high quality electrophotographic image. For example, 
technique is disclosed in which imagewise exposure is carried 
out by a laser beam having small spotting area for raising 
the dot density to form a high precision latent image, and 
the latent image is developed by a fine particle toner, c.f. 
Publication 1. 

An organic photoreceptor is required for forming such 
the high quality image, which has high sensitivity and stable 
properties concerning the thermal environment. 

Hitherto, for satisfying such the requirements of 
organic photoreceptor, the organic photoreceptor are 
constituted of a photosensitive layer in which the functions 
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are separated by a charge generation layer and a charge 
transfer layer, and the charge transfer layer contains a 
large amount of a lower molecular weight charge transfer 
material having a molecular weight of approximately 500. 
However, in the charge transfer layer having such a 
constitution, the quality of the layer is easily degraded and 
the surface of the charge transfer layer is also easily 
contaminated by foreign matter. The surface of the 
photoreceptor tends to be contaminated by paper powder or 
toner components during the developing process, transferring 
unit and cleaning unit arranged around the photoreceptor. As 
a result of that, recurring image defects such as a black 
spotting (spots in a strawberry shape) and lacking of toner 
transfer tends to occur. Satisfactory sensitivity is 
difficult to obtain in a high speed copying machine in which 
the duration between the exposing process and the developing 
process is very short or under a low temperature and/or low 
humidity condition. As a result of that, dot image cannot be 
exactly reproduced and a fine line image tends to be easily 
degraded. 

As a measure for solving such the problem, a method 
using a charge transfer material having high molecular weight 
is developed. For example, an organic photoreceptor has been 
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reported in Publication 2, in which a charge transfer 
material having a bi-styryl structure with a molecular weight 
of 1,000 or more is used. Such a compound, however, cannot 
be uniformly dispersed in the binder resin when the compound 
is contained in the charge transfer layer since the 
compatibility of the compound with the binder resin tends to 
be insufficient. Consequently, the sensitivity becomes 
insufficient and damage such as cracking of the charge 
transfer layer tends to occur. Furthermore, a photoreceptor 
using a charge transfer material having a molecular weight of 
from 3,000 to 5,000 is reported in Publications 3 and 4. 
However, the residual potential tends to be raised on the 
photoreceptor using such the compound since the terminal of 
the compound is not blocked and the problem of the 
compatibility with the binder resin has not been sufficiently 
dissolved. 

A photoreceptor is proposed in Publication 5, in the 
surface layer of which fluororesin particles are contained 
for preventing the contamination of the surface. However the 
use of the fluororesin particles in the surface layer tends 
to cause the image spreading. The mechanical strength of the 
surface layer also tends to be degraded and the surface of 
the photoreceptor is easily worn by the friction of the 



5 



6382 



cleaning unit. Accordingly, a satisfactory image cannot be 
. constantly provided. 

Publication 1: Japanese Patent Publication Open to 

Public Inspection hereinafter referred to as JP O.P.I. 

Publication, No. 2001-255685. 

Publication 2: JP O.P.I. Publication No. 3-149560 
Publication 3: JP O.P.I. Publication No. 3-149560 
Publication 4: JP O.P.I. Publication No. 5-25102 
Publication 5: JP O.P.I. Publication No. 63-65449 

SUMMARY OF THE INVENTION 

This invention is proposed to dissolve the foregoing 
problems. The objective of the invention is to prevent the 
defects of the image caused by the decrease of the 
sensitivity, which tends to occur in the course of high speed 
copying or copying under a low temperature and low humidity 
condition, by the lowering of the sharpness of the image 
accompanying the decreasing of image density and thinning of 
character image caused by the charge fluctuation of the solid 
black image area. Further objectives of the invention is to 
provide an electrophotographic photoreceptor, and a 
processing cartridge, an image forming method and an image 
forming apparatus each using the photoreceptor, by which 
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recurring image defects such as the black spotting and the 
lacking of toner transfer caused by the contamination on the 
photoreceptor surface and the damage such as cracking of the 
photoreceptor surface are prevented and a clear 
electrophotographic image of high optical density and high 
resolution is continuously obtained. 

As a result of the detailed investigation by the 
inventors on the binder resin and the charge transfer 
material constituting the charge transfer layer, it was 
discovered that as the compatibility of the charge transfer 
material with the binder resin is raised, the high speed 
response of the sensitivity under low temperature and low 
humidity is improved, the contamination of the surface of the 
photoreceptor is inhibited to prevent the occurrence of the 
recurring image defects such as black spotting and the lack 
of toner transfer, damage such as the cracking, and a clear 
image of high density and high resolution can be stably 
obtained when a mixture of compounds each having different 
molecular weight from each other is used as the charge 
transfer material. 

The invention is described below. 
1. An electrophotographic photoreceptor comprising a 
support and a photosensitive layer, wherein the 
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photosensitive layer contains a mixture of two or more 
compounds each of which is represented by Formula (1) having 
a specific number n different each other, 
X - (CTM-group)n - Y 

wherein CTM-group is a charge transfer group; X and Y are 
each a hydrogen atom, a halogen atom or a mono-valent organic 
group; and n is an integer of 0 to 10, provided that n is not 
0 when both X and Y are a hydrogen atom or a halogen atom, 
and 

(Rp + Rs) is not more than 99%, 

wherein Rp is a content of a compound represented by Formula 
(1) which has a first specific number n and a maximum content 
in the mixture, and Rs is a content of a component 
represented by Formula (1) which has a second specific number 
n and a content next to the maximum content based on weight 
in percent. 

2. An electrophotographic photoreceptor comprising an 
electroconductive substrate having thereon a charge 
generation layer containing a charge transfer material and a 
charge transfer layer containing a charge transfer material, 
wherein the charge transfer material is a mixture of 
compounds as specified in item 1 above. 
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3. The electrophotographic photoreceptor described in 1 or 
2, wherein (Rp + Rs) is from 30% to 99%. 

4. The electrophotographic photoreceptor described in any 
one of 1 through 3, wherein the weight average molecular 
weight is from 650 to 2,500. 

5. The electrophotographic photoreceptor described in 4, 
wherein the weight average molecular weight is from 800 to 
2, 000. 

6. The electrophotographic photoreceptor described in any 
one of 3 through 5, wherein (Rp + Rs) is from 45% to 90%. 

7 . The electrophotographic photoreceptor described in any 
one of 1 through 6, wherein the CTM-group, X and Y in Formula 
(1) are each represented by following formula A, 
respectively. 
Formula A: 

CTM-group *2 R 3 R 3 R 2 

— A-C=FCH-CH4=C-Ar 2 — C^CH-CH^C— 

X 'q * 'q 

X An R 2 

^c=£=ch-ch4=c— 

Y * 2 =fc i=- Ar ' 

— A-C=^=CH-CH=f=C x 
P Ri 
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In Formula A, Ari is a substituted or unsubstituted 
mono-valent aromatic group; Ar 2 is a di-valent substituted or 
unsubstituted aromatic group, a di-valent furan or thiophene 
group; or a group represented by Formula (2) ; Ri through R 3 
are each a hydrogen atom, a substituted or unsubstituted 
alkyl group or a substituted or unsubstituted mono-valent 
aromatic group; A is a di-valent group having a triarylamino 
group or a group represented by the following Formula (3) . 
Each of the plural Ari, Ri, R 2 and R3 may be the same with or 
different from each other, and p and q are each an integer of 
0 or 1 . 
Formula (2) 




In the above, Z is a single bond, an oxygen atom, a 
sulfur atom, a -CH^CH- group or a -C(R 4 ) (R5)- group, and R 4 
and R 5 may be bonded with together. 
Formula (3) 




1 



R 6 

In the above, Z x is a single bond, an alkylene group, 
an oxygen atom or a sulfur atom; and R 6 is a substituted or 
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unsubstituted alkyl group, or substituted or unsubstituted 
aromatic group. 

8. The electrophotographic photoreceptor described in any 
one of 1 through 6, wherein CTM-group, X and Y in Formula (1) 
have each the chemical structures represented by the 
following Formula B, respectively. 
Formula B 

CTM-group m _\ _ ^ \ <~ 

— Ar 2 -C=FC-C^=C-A-C=FC-C^=C — 



R2 m R3 R3 m R2 



X A^-C^C-C^C 
1 l \H H 



J I 
m R 2 



— Ar^-C^C-C^C-Ar, 
I \H H/ I 

R 2 m R 1 



In the above, Ar 2 is a substituted or unsubstituted di- 
valent aromatic group, a di-valent furan or thiophene group 
or a group represented by Formula (2); Ri through R 3 are each 
a hydrogen atom, a substituted or unsubstituted alkyl group, 
or a substituted or unsubstituted mono-valent aromatic group; 
A is a divalent group having a triarylamino group or a group 
represented by Formula (3) ; and Ari is a substituted oi: 
unsubstituted mono-valent aromatic group; plural Ar lf Ri, R2 
and R 3 each may be the same or different from each other and 
m is an integer of 0 or 1 . 
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9. The electrophotographic photoreceptor described in any 
one of 7 through 8, wherein the divalent group having the 
triarylamino group represented by Formula A is a group 
represented by the following Formula (4) . 
Formula (4) 




In the above, Ar 3 is a substituted or unsubstituted 
mono-valent aromatic group. 

10. The electrophotographic photoreceptor described in 9, 
wherein the group represented by Ar 3 is a group represented 
by Formula (5) 
Formula (5) 




R35 



In the above, R31, R32 , R33/ R34 and R35 are each a 
hydrogen atom or an alkyl group having from 1 to 4 carbon 
atoms and at least one of R31 and R 35 is an alkyl group having 
from 1 to 4 carbon atoms. 

11. The electrophotographic photoreceptor described in any 
one of 7 through 8, wherein the di-valent group having a 



12 



6382 



triarylamino group represented by Formula A is a group 
represented by Formula (6) . 
Formula (6) 




In Formula (6), X 2 is a single bond, a substituted or 
unsubstituted alkylene group, or a substituted or 
unsubstituted di-valent aromatic group; Ar 4 and Ar 5 are each 
a substituted or unsubstituted mono-valent aromatic group. 
12. The electrophotographic photoreceptor described in 8, 
wherein Ari is a group represented by Formula (7) . 
Formula (7) 




In Formula (7) , R 4i , R 4 2/ R43, R44, R45, R51, R52, R53/ R54 
and R 55 are each a hydrogen atom or an alkyl group having 
from 1 to 4 carbon atoms, provided that at least one of R41, 
R45/ R51 and R55 is an alkyl group having from 1 to 4 carbon 
atoms . 
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13. The electrophotographic photoreceptor described in any 
one of 1 through 6, wherein the CTM-group in Formula (1), X, 
and Y are each represented by Formula C. 
Formula C 

CTM-group N-Ar 6 — 

X R— 
Y — N-R 

An 

In Formula C, Ari is a substituted or unsubstituted 
mono-valent aromatic group; Ar 6 is a substituted or 
unsubstituted di-valent aromatic group, or a group 
represented by the following Formula (8); R is a substituted 
or unsubstituted alkyl group or a substituted or 
unsubstituted mono-valent aromatic group. Plural Ar X/ Ar 6 and 
R may be the same as or different from each other. 
Formula (8) 




R81 R82 



In Formula (8), Z 3 is an oxygen atom, a sulfur atom, a 

-CH=CH- group or a -CH 2 -CH 2 - group; and R 8 i and R 8 2 are each a 

hydrogen atom or an alkyl group having from 1 to 4 carbon 
atoms . 
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14. A processing cartridge which includes as a unit the 
electrophotographic photoreceptor described in the foregoing 
1, and at least one of a charging unit for uniformly charging 
the surface of the electrophotographic photoreceptor , a 
latent image forming unit for forming a latent image on the 
charged electrophotographic photoreceptor, a developing unit 
for visualizing the latent image formed on the 
electrophotographic photoreceptor, a transferring unit for 
transferring the toner image visualized on the 
electrophotographic photoreceptor to a recording material, a 
discharging unit for removing the charge on the 
electrophotographic photoreceptor and a cleaning unit for 
removing the toner remaining on the electrophotographic 
photoreceptor, and is installed and released to from the main 
body of the image forming apparatus as necessary. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 shows the cross section of the constitution of 
an image forming apparatus as an example of the image forming 
method according to the invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be described in detail 

below. 

The image defects caused by insufficiency of high speed 
response of photosensitivity which tends to occur in image 
formation at high speed and under a low temperature and low 
humidity conditions and various other kinds of defects which 
tend to occur under high temperature and high humidity 
condition are prevented to provide an electrophotographic 
image with high image density and high sharpness by the use 
of the electrophotographic photoreceptor, processing 
cartridge, image forming method and image forming apparatus 
of this invention. 

The electrophotographic photoreceptor of the invention 
contains a mixture of compounds represented by Formula (1) in 
which n has a range of distribution and (Rp + Rs) is not more 
than 99% when Rp represents the ratio of a component having 
the maximum content in the mixture and Rs represents the 
ratio of a component having the content next to the maximum 
content . 

X - (CTM-group) n - Y 

In Formula (1), the CTM-group is a charge transfer 
group; X and Y are each a hydrogen atom, a halogen atom or a 
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mono-valent organic group; and n is an integer of from 0 to 
10, provided that n is an integer of from 1 to 10 when both 
of X and Y are hydrogen atom or a halogen atom. In such a 
case, it may be that either X or Y is a hydrogen atom and the 
other is a halogen atom. 

The electrophotographic photoreceptor of the invention 
comprises an electroconductive substrate having thereon a 
charge generation layer and a charge transfer layer 
containing a charge transfer material in which the charge 
transfer material is a mixture of compounds represented by 
Formula (1) in which n has a range of distribution and (Rp + 
Rs) is not more than 99% when Rp represents the ratio of a 
component having the maximum content in the mixture and Rs 
represents the ratio of a component having the content next 
to the maximum content. 

"The mixture of compounds represented by Formula (1) in 
which n has a range of distribution and (Rp + Rs) is not more 
than 99% when Rp represents the ratio of a component having 
the maximum content in the mixture and Rs represents the 
ratio of a component having the content next to the maximum 
content" means that in the mixture of compounds, compounds 
each of which is represented by Formula (1) and the number of 
the chain structure of the CTM-group or the charge transfer 
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group differ from each other, are in a mixed state, and the 
sum of Rp and Rs is not more than 99% where Rp is the content 
of the compound having the largest presence ratio and Rs is 
the content of the compound having the secondary presence 
ratio. Therefore, the mixture of compounds contains at least 
three kinds of the compounds each represented by Formula (1) . 
By the use of such a mixture of compounds, the charge 
transferring ability is considerably improved; the problems 
of lowered sensitivity caused by processing at high speed or 
under conditions of low temperature and low humidity can be 
resolved; the permeability of the solvent or the binder resin 
is remarkably improved; the occurrence of the black spotting 
and the recurring image defects such as lack of toner 
transfer are prevented; and in addition the damage such as 
cracking can be inhibited; so that the electrophotographic 
photoreceptor capable of forming a consistently clear 
electrophotographic image of high image density and high 
resolution can be realized. 

The CTM-group in Formula (1) is a group having drift 
mobility of electrons or positive holes. In other word, the 
CTM-group is a group from which electric current caused the 
charge transfer can be detected by the Time-Of-Flight method. 
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When the CTM-group cannot exist solely itself, the CTM- 
group may be included within the definition of the CTM-group 
if a compound of the CTM-group having a hydrogen atom at the 
both ends thereof, and represented by H (CTM-group) H has 
charge transferring ability. 

The mixture of compounds is represented by the 

following Formulas A, B and C, such the mixture of compounds 

can be prepared by the later-mentioned synthesizing examples. 

Formula A 

CTM-group ^2 Ra *3 

— A-C=f CH-CH=^C-Ar 2 — C=f CH-CH=^=C— 




Ari is a substituted or unsubstituted mono-valent 
aromatic group; Ar 2 is a substituted or unsubstituted di- 
valent aromatic group, a di-valent furan or thiophene group, 
or a group represented by Formula (2) ; Ri through R 3 are each 
a hydrogen atom, a substituted or unsubstituted alkyl group 
or a substituted or unsubstituted mono-valent aromatic group; 
A is a di-valent group having a triarylamino group or a group 
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represented by the following Formula (3) . Each of the plural 
Ari, Ri, R 2 and R3 may be the same or differing from each 
other, and p and q are each an integer of 0 or 1. 
Formula (2) 




In the above, Y is a single bond, an oxygen atom, a 
sulfur atom, a -CH=CH- group or a -C(R 4 ) (R 5 ) - group, and R 4 
and R5 may be bonded with together. 
Formula (3) 




1 



Re 

In the above, Zi is a single bond, an alkylene group, 
an oxygen atom or a sulfur atom; and R6 is a substituted or 
unsubstituted alkyl group, or substituted or unsubstituted 
aromatic group . 
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Formula B 

CTM -group 



Y 



— Ar 2 -C=^C-C^=C-A-C=^C-C^=C- 
R 2 m R 3 R 3 m R 2 



A^-C^C-C^C— 
I \H H/ 1 
Ri ™ R 2 



— Aiz-C^C-C^C-Ar., 



Ar 2 is a substituted or unsubstituted di-valent 
aromatic group, a di-valent furan or thiophene group or a 
group represented by Formula (2) ; Ri through R 3 are each a 
hydrogen atom, a substituted or unsubstituted alkyl group or 
a substituted or unsubstituted mono-valent aromatic group; A 
is a divalent group having a triarylamino group or a group 
represented by Formula (3) ; and Ari is a substituted or 
unsubstituted mono-valent aromatic group; plural B, Ri, R 2 
and R 3 each may be the same as or different from each other 
and m is an integer of 0 or 1 . 

In formulas A and B, the di-valent group having a 
triarylamino group is a group having two bonding hands as a 
whole in which three bonding hands of the nitrogen atom each 
bonds with an aromatic ring. 

In Formulas A and B, as the substituted or 
unsubstituted mono-valent group represented by Ari, a 
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substituted or unsubstituted phenyl group and a substituted 
or unsubstituted naphthyl group are preferable; and the 
substituent of these groups is preferably an alkyl group 
having from 1 to 4 carbon atoms, an alkoxyl group, a phenyl 
group and a halogen atom. As the substituted or 
unsubstituted di-valent group represented by Ar 2 , a phenylene 
group, a naphthylene group and a biphenylene group are 
preferable; and a substituent of these groups is preferably 
an alkyl group. A di-valent furan group and a di-valent 
thiophene group are also preferred. 

Ri, R 2 , and R 3 are each preferably a hydrogen atom, a 
halogen atom, a substituted or unsubstituted alkyl group, a 
substituted or unsubstituted alkoxyl group or a substituted 
or unsubstituted aromatic group, and are preferably a 
hydrogen atom, an alkyl group and an alkoxyl group each 
having from 1 to 4 carbon atoms, a substituted or 
unsubstituted phenyl group or a phenyl group having a halogen 
atom or an alkyl group having from 1 to 4 carbon atoms. 

The di-valent group represented by A is preferably a 
di-valent group having a triarylamino group represented by 
Formula (4) or Formula (6), in addition to the group 
represented by Formula (3) . 
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A 6 is a substituted or unsubstituted alkyl group or a 
substituted or unsubstituted aromatic group, and is 
preferably an alkyl group having from 1 to 4 carbon atoms or 
a phenyl group. 

Ar 3 is a substituted or unsubstituted mono-valent 
aromatic group, and preferably an unsubstituted phenyl group 
or a phenyl group substituted with an alkyl group having from 
1 to 4 carbon atoms or an alkoxyl group. 

Ar 4 and Ar 5 are each a substituted or unsubstituted 
mono-valent aromatic group, and preferably an unsubstituted 
phenyl group or a phenyl group substituted with an alkyl 
group having from 1 to 4 carbon atoms or an alkoxyl group. 

Typical chemical structures of the group represented by 
Formulas A and B are shown below. In the invention, the 
mixture of the compounds or mixture of compounds each 
represented by the following structure and different from 
each other in the value of n are used as the charge transfer 
material. The compounds in which p or q in Formula A or m in 
Formula B differing from each other are different compounds 
even if the chemical structure of them is the same. For 
example, one having a value of p or q as 0 and one having the 
value of p or q as 1 are different compounds even when each 
of the compounds has following structure 1A. In addition, 
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the compounds differing in the distribution of n are 
different compounds even when the p or q is the same. 

Specific examples of the compound represented by 
Formula A. 
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In the above exemplified compounds, Ari, Ri, R 2 , and R 3 
of Formula A are each the same, respectively- However, the 
invention includes a compound having different Ari, Ri, R 2 , 
and R 3 such that compounds represented by Formula A' are 
included in an example of the chemical structure of Formula 
(1) . 

CTM-group R 2 ' R 3 R 3' *2 

— A-C^CH-CH^C-Arz— C=£=CH-CH=^C— 




In the formulas, A', Ari and Ari' are each a 
substituted or unsubstituted mono-valent aromatic group; Ar 2 
is a substituted or unsubstituted di-valent aromatic group or 
a group represented by Formula (2); R x , R 2 and R 3 , and Ri' , 
R 2 ' and R 3 ' are each a hydrogen atom, a substituted or 
unsubstituted alkyl group, or a substituted or unsubstituted 
mono-valent aromatic group; and A is a divalent group having 
a trarylamino group or a group represented by Formula (3) . 
Ari and Ri, and Ar x ' and Ri' , may each be bonded to form a 
ring. P and q are each an integer of 0 or 1 • 
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Chemical structures of typical compounds represented by 
Formula A' are shown below. The mixture of compounds 
represented by the above chemical structure is used as the 
charge transfer material, in which n has a range of 
distribution and (Rp + Rs) is not more than 99% when Rp 
represents the ratio of a component having the maximum 
content in the mixture and Rs represents the ratio of a 
component having the content next to the maximum content. 
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Synthesizing Examples of the compounds represented by 
Formula A are described bellow. 

In the following synthesizing example, the raw 
materials are described by attaching the number shown in the 
scheme of the synthesis of the compound. 

Synthesizing example 1: Synthesis of Compound 21A (p = q = 0) 
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Placed into a 100 ml four-mouth flask equipped with a 
nitrogen gas inlet pipe, a cooler, a thermometer and a 
stirrer, were 1.68 g (0.015 moles) of potassium tert-butoxide 
4 and 20 ml of tetrahydrof uran, hereinafter referred to as 
THF, were charged and stirred while introducing nitrogen gas. 

A solution was prepared by dissolving 2.06 g (0.006 
moles) of Compound 1, and 1.13 g (0.003 moles) of Compound 2 
and 1.92 g (0.0063 moles) of Compound 3 dissolved in 20 ml of 
THF. The solution was gradually dripped into the mixture of 
potassium tert-butoxide 4 and THF while the temperature was 
maintained at 45 °C. After the dripping, reaction was 
allowed over 5 hours while maintaining a temperature of from 
45 to 50 °C. 

Into another 200 ml beaker, equipped with a stirrer, 20 
ml of methanol was placed and stirred. The reaction liquid 
after a reaction of 5 hours was poured to the methanol, and 
20 ml of water was further added and stirred for 30 minutes, 
afterwhich the liquid was subjected to filtration. The 
filtered precipitation was washed with about 40 ml of a 
mixture of methanol and water at a ratio of 1 : 1 and dried 
overnight at a temperature of from 50 to 60 °C, whereby 
unpurified crystals were obtained. 
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The unpurified crystals were dissolved in 30 ml of 
toluene, and 3 g of Wakogel B-0, produced by Wako Pure 
Chemical Industries, Ltd., was added to the solution and 
stirred for 30 minutes and then filtered. The Wakogel B-0 
was washed with 30 ml of toluene. The filtrate and the 
washing toluene was concentrated and dried. The dried 
substance was dissolved by adding 10 ml of ethyl acetate, 
afterwhich solution was dripped into 60 ml of methanol for 
purifying by re-precipitation. By filtering and drying, 2.54 
g of a compound having the chemical structure 21A (p = q =0) 
was obtained. As a result of analysis via high speed liquid 
chromatography and mass spectrograph^, the above-obtained 
compound was confirmed to be a mixture of compounds having an 
n of from 0 to 4 . The content ratio, that is, area of high 
speed liquid chromatograph, was n = 0/1/2/3/4 == 
25.4/48.8/18.1/6.3/1.4. 

The conditions of the high speed liquid chromatography 
were as follows. 

Measuring apparatus: Shimadzu LC6A, manufactured by 
Shimadzu Seisakusho Co., Ltd. 

Column: CLC-ODS, manufactured by Shimadzu Seisakusho 
Co., Ltd. 

Wavelength of detecting light: 290 nm 
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Moving phase: A mixture solvent of methanol and 
tetrahydrof uran at a ratio of 3 : 1. 

Flowing velocity of moving phase: About 1 m/min. 

The content ratio of the mixture of compounds of the 
invention is determined by the ratio of the area of each of 
the components in percent when the total content ratio was 
100% after the separation by the high speed liquid 
chromatography. Regarding the above determining conditions, 
the measuring apparatus, column and moving phase may be 
changed as long as the components of the mixture of compounds 
can be clearly separated and the results the same as the 
invention can be obtained. 

Synthesizing Example 2: Synthesis of Compound 21A (p = 1, and 
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Into a 100 ml four-mouth flask equipped with a nitrogen 
gas inlet pipe, a cooler, a thermometer and a stirrer, 1-68 g 
(0.015 moles) of potassium tert-butoxide 4 and 20 ml of 
tetrahydrofuran, hereinafter, referred to as THF, were charged 
and stirred while introducing nitrogen gas. 

A solution was prepared by dissolving 2.06 g (0.006 
moles) of Compound 1 and 1.13 g (0.003 moles) of Compound 2 
and 2.08 g (0.0063 moles) of Compound 3 dissolved in 20 ml of 
THF. The solution was gradually dripped into the mixture of 
potassium tert-butoxide 4 and THF while the temperature was 
maintained at 45 °C. After the finish of the dripping, 
reaction was allowed over 5 hours while maintaining a 
temperature of from 45 to 50 °C. 

To another 200 ml beaker, a stirrer was equipped and 20 
ml of methanol was charged and stirred. The reaction liquid 
after the reaction over 5 hours was poured to the methanol, 
and 20 ml of water was further added and stirred for 30 
minutes. Thereafter the liquid was subjected to filtration. 
The filtered precipitation was washed by about 40 ml of a 
mixture of methanol and water at a ratio of 1 : 1 and dried 
for one night at a temperature of from 50 to 60 °C. Thus 
unpurified crystals were obtained. 
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The unpurified crystals were dissolved in 30 ml of 
toluene, and 3 g of Wakogel B-0, produced by Wako Pure 
Chemical Industries, Ltd., was added to the solution and 
stirred for 30 minutes and filtered. The Wakogel B-0 was 
washed by 30 ml of toluene. The filtrate and the washing 
toluene was concentrated and dried. The dried substance was 
dissolved by adding 10 ml of ethyl acetate. The solution was 
dripped into 60 ml of methanol for purifying by re- 
precipitation. By filtering and drying, 2.75 g of a compound 
having the chemical structure 21A (p = 1 and q =0) was 
obtained. As a result of analysis by high speed liquid 
chromatography and mass spectrography, the above-obtained 
compound is a mixture of compounds having an n of from 0 to 
4. The content ratio or area of high speed liquid 
chromatograph was n = 0/1/2/3/4 - 33.4/46.8/15.0/4.0/0.8. 
Synthesizing Example 3: Synthesis of Compound 14A (p = 1 and 
q = 0) 
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Into a 100 ml four-mouth flask to which a nitrogen gas 
inlet pipe, a cooler, a thermometer and a stirrer were 
equipped, 1.68 g (0.015 moles) of 4 (potassium-tert-butoxide ) 
and 20 ml of tetrahydrof uran, hereinafter referred to as THF, 
were charged and stirred while introducing nitrogen gas. 

A solution was prepared by dissolving 1.89 g (0.006 
moles) of Compound 1 and 1.13 g (0.003 moles) of Compound 2 
and 1.60 g (0.0063 moles) of Compound 3 dissolved in 20 ml of 
THF. The solution was gradually dripped into the mixture of 
4 (potassium-tert-butoxide) and THF while the temperature was 
maintained at 45 °C. After the finish of the dripping, 
reaction was allowed over 5 hours while maintaining a 
temperature of from 45 to 50 °C. 

To another 200 ml beaker, a stirrer was equipped and 20 
ml of methanol was charged and stirred. The reaction liquid 
after the reaction for 5 hours was poured to the methanol, 
and 20 ml of water was further added and stirred for 30 
minutes. Thereafter the liquid was subjected to filtration. 
The filtered precipitation was washed by about 40 ml of a 
mixture of methanol and water at a ratio of 1 : 1 and dried 
for one night at a temperature of from 50 to 60 °C. Thus 
unpurified crystals were obtained. 
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The unpurified crystals were dissolved in 30 ml of 
toluene, and 3 g of Wakogel B-0, produced by Wako Pure 
Chemical Industries, Ltd., was added to the solution and 
stirred for 30 minutes and filtered. The Wakogel B-0 was 
washed by 30 ml of toluene. The filtrate and the washing 
toluene was concentrated and dried. The dried substance was 
dissolved by adding 10 ml of ethyl acetate. The solution was 
dripped into 60 ml of methanol for purifying by re- 
precipitation. By filtering and drying, 2.32 g of a compound 
having the chemical structure 14A (p = 1 and q =0) was 
obtained. As a result of analysis by high speed liquid 
chromatography and mass spectrography, the above-obtained 
compound is a mixture of compounds having an n of from 0 to 
4 . The content ratio or area of high speed liquid 
chromatograph was n = 0/1/2/3/4 = 30.1/45.4/16.7/6.0/1.8. 

Specific examples of Formula B 
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The above-described exemplified compounds are examples 
of the compound in which plural B, Ri, R2 and R 3 in Formula B 
are each the same. However, compounds in which plural B, Ri, 
R 2 and R 3 are each different from the other are included in 
the invention. For example, the following compounds 
represented by Formula B' are also included in the invention 
as the compound represented by Formula B. 
Formula B' 



CTM-group _ Ar C= / C _ C A= C _ A _ C== / C _ C X =C _ 

I ^ H H ^Lr I ^ H H Lr 

I m r\3 1 m |\2 



Ar,- C=(=C -C ^=C — 
' H H 1 

Y — Ar 2 -c4c-C^=C-Ary 

R 2 ' Ri' 

In Formula B' , Ar 2 is a substituted or unsubstituted 
di-valent aromatic group, a furan group or a thiophene; Ri, 
R 2 and R 3/ and Ri' , R 2 ' and R 3 ' are each a hydrogen atom, a 
substituted or unsubstituted alkyl group and a substituted or 
unsubstituted mono-valent aromatic group; and A is a divalent 
group having a trarylamino group or a group represented by 
Formula (3) . Ari and Ari' are each a substituted or 
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unsubstituted aromatic group, m is each an integer of 0 or 
1 . 
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Synthesizing examples of compound represented by 
Formula B are shown below. 

Synthesizing Example 4: Synthesis of Compound 12B (m = 0) 
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Into a 100 ml four-mouth flask to which a nitrogen gas 
inlet pipe, a cooler, a thermometer and a stirrer were 
equipped, 1.96 g (0.075 moles) of potassium tert-butoxide 4 
and 20 ml of tetrahydrof uran, hereinafter referred to as THF, 
were charged and stirred while introducing nitrogen gas. 

A solution was prepared by dissolving 1.0 g (0.003 
moles) of Compound 1 and 2.63 g (0.007 moles) of Compound 2 
and 2.25 g (0.008 moles) of Compound 3 dissolved in 20 ml of 
THF. The solution was gradually dripped into the mixture of 
potassium tert-butoxide 4 and THF while the temperature was 
maintained at 45 °C. After the finish of the dripping, 
reaction was carried out for 5 hours while maintaining a 
temperature of from 45 to 50 °C. 

To another 200 ml beaker, a stirrer was equipped and 20 
ml of methanol was charged and stirred. The reaction liquid 
after the reaction for 5 hours was poured to the methanol, 
and 20 ml of water was further added and stirred for 30 
minutes. Thereafter the liquid was subjected to filtration. 
The filtered precipitation was washed by about 40 ml of a 
mixture of methanol and water at a ratio of 1 : 1 and dried 
for one night at a temperature of from 50 to 60 °C. Thus 
unpurified crystals were obtained. 
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The unpurified crystals were dissolved in 30 ml of 
toluene, and 3 g of Wakogel B-0, produced by Wako Pure 
Chemical Industries, Ltd., was added to the solution and 
stirred for 30 minutes and filtered. The Wakogel B-0 was 
washed by 30 ml of toluene. The filtrate and the washing 
toluene was concentrated and dried. The dried substance was 
dissolved by adding 10 ml of ethyl acetate. The solution was 
dripped into 60 ml of methanol for purifying by re- 
precipitation. By filtering and drying, 3.20 g of a compound 
having the chemical structure 12B (m = 0) was obtained. 

As a result of analysis by high speed liquid 
chromatography and mass spectrography in the same manner as 
in Synthesizing Example 1A, the above-obtained compound is a 
mixture of compounds having an n of from 0 to 5 . The content 
ratio or area of high speed liquid chromatograph was n = 
0/1/2/3/4/5 = 24.3/44.4/21.5/7.2/2.3/0.3. 

The determination condition of the high speed 
chromatography was carried out under the following 
conditions . 

Synthesizing Example 5: Synthesis of Compound 11B (m = 0) 
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Into a 100 ml four-mouth flask to which a nitrogen gas 
inlet pipe, a cooler, a thermometer and a stirrer were 
equipped, 1.96 g (0.075 moles) of potassium tert-butoxide 4 
and 20 ml of tetrahydrof uran, hereinafter referred to as THF, 
were charged and stirred while introducing nitrogen gas. 

A solution was prepared by dissolving 1.0 g (0.003 
moles) of Compound 1 and 2.4 6 g (0.007 moles) of Compound 2 
and 2.41 g (0.008 moles) of Compound 3 dissolved in 20 ml of 
THF. The solution was gradually dripped into the mixture of 
potassium tert-butoxide 4 and THF while the temperature was 
maintained at 45 °C. After the finish of the dripping, 
reaction was carried out for 5 hours while maintaining a 
temperature of from 45 'C to 50 'C, 

To another 200 ml beaker, a stirrer was equipped and 20 
ml of methanol was charged and stirred. The reaction liquid 
after the reaction for 5 hours was poured to the methanol, 
and 20 ml of water was further added and stirred for 30 
minutes. Thereafter the liquid was subjected to filtration. 
The filtered precipitation was washed by about 40 ml of a 
mixture of methanol and water at a ratio of 1 : 1 and dried 
for one night at a temperature of from 50 °C to 60 °C. Thus 
unpurified crystals were obtained. 
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The unpurified crystals were dissolved in 30 ml of 
toluene, and 3 g of Wakogel B-0, produced by Wako Pure 
Chemical Industries, Ltd., was added to the solution and 
stirred for 30 minutes and filtered. The Wakogel B-0 was 
washed by 30 ml of toluene. The filtrate and the washing 
toluene was concentrated and dried. The dried substance was 
dissolved by adding 10 ml of ethyl acetate. The solution was 
dripped into 60 ml of methanol for purifying by re- 
precipitation. By such filtering and drying, 3.35 g of a 
compound having the chemical structure of 11B (m = 0) was 
obtained. 

As a result of analysis by high speed liquid 
chromatography and mass spectrography in the same manner as 
in Synthesizing Example 1A, the above-obtained compound is a 
mixture of compounds having an n of from 0 to 4 . The content 
ratio or area of high speed liquid chromatograph was n = 
0/1/2/3/4 = 32.5/45.0/16.5/6.2/1.6. 

The compounds represented by Formula C each have the 
following chemical structure. 
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Formula C 

CTftfl-group N-Ar 6 — 

A ri 

X R — 

Y — N-R 

Ar^ 

In Formula C, Ar x is a substituted or unsubstituted 
mono-valent aromatic group; Ar 6 is a substituted or 
unsubstituted di-valent aromatic group, a di-valent 
heterocyclic group, or a group represented by Formula (8); 
and R is a substituted or unsubstituted alkyl group or a 
substituted or unsubstituted mono-valent aromatic group. 
Each of Ari, Ar 6 and R differs from each other. 

In Formula (8), Z 3 is an oxygen atom, a sulfur atom, a 
-CH=CH- group or a -CH 2 -CH 2 - group; and Ri and Ri are each a 
hydrogen atom or an alkyl group having from 1 to 4 carbon 
atoms . 

In Formula C, Ari is a substituted or unsubstituted 
mono-valent aromatic group, and is preferably a substituted 
or unsubstituted phenyl group, a phenyl group substituted 
with an alkyl group having from 1 to 4 carbon atoms, or an 
alkoxyl group. 
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The substituted or unsubstituted divalent aromatic 
group represented by Ar 6 is preferably a phenylene group, a 
naphthylene group or a bi-phenylene group, and the 
substituent of them is preferably an alkyl group. As the di- 
valent heterocyclic group represented by Ar 6 , a di-valent 
furan group or a di-valent thiophene group are preferable. 

Specific examples of the compound of Formula C 



Chemical 
structure No. 




CH 3 

CH 3 



10C 
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Ar 6 r 
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The synthesizing example of compounds represented by 
Formula C is described below. 

Synthesizing Example 6: Synthesize of Compound 17C 

Into a 100 ml four-mouth flask to which a nitrogen gas 
inlet pipe, a cooler, a thermometer and a stirrer were 
equipped, 4.08 g. (0.04 moles) of 2 , 4-dimethylaniline, 4.08 g 
(0.02 moles) of iodobenzene, 9.9 g (0.03 moles) of di- 
iodobenzene, 1.27 g (0.02 moles) of powdered copper and 11.04 
g (0.08 moles) of potassium carbonate were charged and 
reacted over 30 hours at 190 °C while introducing nitrogen 
gas . 

The reaction liquid was cooled to 60 °C and 200 ml of 
THF was added to the liquid, and the mixture was filtered. 
The filtrate was concentrated and dissolved in 100 ml of 
toluene and 10 g of Wakogel B-0 (Wako Pure Chemical 
Industries, Ltd.) was added, and stirred for 30 minutes and 
filtered. Filtered Wakogel was washed by 30 ml of toluene. 
The filtrate and the washing liquid were concentrated and 
dried. The dried substance was dissolved in 20 ml of THF and 
the solution was dripped into 120 ml of methanol for 
purifying by re-precipitation. The precipitate was filtered 
and dried, thus 5.15 g of Compound 17C was obtained. 
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According to the results of the analysis by high speed 
liquid chromatography and mass spectrography, the above- 
obtained compound has a composition of n = 0/1/2/3/4/5/6/7 = 
2.7/9.0/24.3/34.2/20.1/7.8/1.7/0.2. The weight average 
molecular weight (in terms of polystyrene) Mw of the compound 
measured via gel permeation chromatography (GPC) was 910. 
Synthesizing Example 7: Synthesis of Compound 48C 

Charged into a 100 ml four-mouth flask equipped with a 
nitrogen gas inlet pipe, a cooler, a thermometer and a 
stirrer, were 6.05 g (0.05 moles) of 2 , 4-dimethylaniline, 
5.60 g (0.02 moles) of iodobiphenyl, 13.11 g (0.04 moles) of 
bis (4-bromophenyl) ether, 1.59 g (0.025 moles) of copper 
powder and 13.8 g (0.1 moles) of potassium carbonate were 
charged and reacted for 30 hours at 190 °C while introducing 
nitrogen gas. 

The reacting liquid was cooled to 60 °C and 200 ml of 
THF was added to the liquid and the mixture was filtered. 
The filtrate was concentrated and dissolved by 100 ml of 
toluene and 10 g of Wakogel B-0 (Wako Pure Chemical 
Industries, Ltd.) was added, and stirred for 30 minutes and 
filtered. Filtered Wakogel was washed with 30 ml of toluene. 
The filtrate and the washing liquid were concentrated and 
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dried. The dried substance was dissolved by adding 20 ml of 
THF, and the solution was dripped into 120 ml of methanol for 
purifying by re-precipitation. The precipitate was filtered 
and dried, whereby 10.56 g of Compound 48C was obtained. 

Based on the results of analysis via high speed liquid 
chromatography and mass spectrography, the above-obtained 
compound has a composition of n = 0/1/2/3/4/5/6/7/8 = 
0.9/3.4/12.0/22.8/31.3/19.9/6.9/2.5/0.3. The weight average 
molecular weight in terms of polystyrene Mw of the compound 
measured by gel permeation chromatography (GPC) was 1684. 

The charge transfer material according to the invention 
contains the mixture of compounds represented by Formula (1) 
in which n has a range of distribution and (Rp + Rs) is not 
more than 99% when Rp represents the ratio of a component 
having the maximum content in the mixture and Rs represents 
the ratio of a component having the content next to the 
maximum content. The value of (Rp + Rs) is preferably from 
30% to 99%, and more preferably from 45% to 90%. When (Rp + 
Rs) is less than 30%, the distribution of n becomes too broad 
and the molecular weight tends to be larger so that 
solubility and compatibility of the solvent or the binder 
resin tend to be degraded. When (Rp + Rs) is more than 99%, 
in the case of the ratio of the low molecular component is 
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lowered, the solubility and the compatibility with the 
solvent or the binder resin tend to be degraded also. 

The value of n is from 0 to 10, but a composition 
having an n of 11 or more may be viable. It is acceptable 
that the component of maximum content in the mixture and that 
of content next to the maximum content are within the range 
of from 0 to 10 and (Rp + Rs) is not more than 99%. 

The average molecular weight of the mixture of 
compounds is preferably from 650 to 2,500, and more 
preferably from 800 to 2,300. The average molecular weight 
is represented by the weight average molecular weight in 
terms of polystyrene. When the average molecular weight 
exceeds 2,500, solubility in the solvent and compatibility 
with the binder resin of the charge transfer layer are 
degraded. As a result of that, the dispersibility of the 
charge transfer material is lowered and electrophotographic 
properties of the photoreceptor such as the sensitivity and 
the charge uniformity are considerably degraded. When the 
average molecular weight is less than 650, properties of the 
layer such as the glass transition point Tg is degraded, and 
the black spotting and the recurring image defects tend to be 
observed. 
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The layer structure of the electrophotographic 
photoreceptor, particularly the organic photoreceptor, 
containing the mixture of compounds according to the 
invention is described below. 

The organic photoreceptor to be used in the invention 
is described below. 
Elect roconductive substrate 

Both a sheet-shaped substrate and a cylindrical 
substrate may be used as the electroconductive substrate of 
the photoreceptor. The cylindrical electroconductive 
substrate is preferred for actuating a compact image forming 
apparatus . 

The cylindrical electroconductive substrate is a 
cylinder-shaped substrate capable of endlessly forming an 
image, and such the substrate preferably has a linearity of 
not more than 0.1 mm and a fluctuation of not more than 0.1 
mm . 

A metal drum made from a metal such as aluminum and 
nickel, a plastic drum on which a conductive substance such 
as aluminum, tin oxide and indium oxide is evaporated and a 
paper or plastic drum on which a electroconductive material 
is coated, may be used as the electroconductive drum. The 
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electroconductive substrate having a specific conductivity of 
not less than 10 3 ficm is preferred. 

An electroconductive substrate on which an anodized and 
sealed layer is provided may also be used. The anodizing 
treatment is usually performed in an acidic bath such as 
chromic acid, sulfuric acid, oxalic acid, phosphoric acid, 
boric acid and sulfamic acid, and the treatment by the 
sulfuric acid bath is preferable. In the case of the 
anodizing in the sulfuric acid bath, a sulfuric acid 
concentration of from 100 to 200 g/L, an aluminum ion 
concentration of from 1 to 10 g/L, a bath temperature of 
about 20 °C and an applying voltage of about 20 V are 
preferred. The average thickness of the anodized layer is 
usually not more than 20 \xm, and preferably not more than 10 
(im. 

Interlayer 

An interlayer (including a subbing layer) may be 
provided between the substrate and the photosensitive layer 
to improve the adhesiveness between the electroconductive 
substrate and the photosensitive layer and to prevent the 
injection of charge from the substrate. As the interlayer 
material, polyamide resin, vinyl chloride resin, vinyl 
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acetate and copolymer containing at least two of the 
repeating unit of the above-mentioned resin are usable. 
Among the resins, polyamide resin is preferred since the 
residual charge accompanying repeated use of the 
photoreceptor can be reduced by the use of polyamide resin. 
The thickness of the interlayer using such the resin is 
preferably from 0.01 to 0.5 join. 

An interlayer made from a hardenable metal resin is 
also preferred, and is commonly prepared by a thermally 
hardening of an organic metal compound such as a silane 
coupling agent and a titanium coupling agent. The thickness 
of the interlayer of hardenable metal resin is preferably 
from 0.1 to 2 |jjn. 

An interlayer composed of a binder resin in which an 
organic particle is also preferably usable. The average 
diameter of the inorganic particles is preferably from 0.01 
to 1 pm. An interlayer composed of a binder resin in which 
surface treated N-type semi-conductive fine particle is 
dispersed is particularly preferred. For example, an 
interlayer composed of polyamide resin and titanium oxide 
treated with silica • alumina compound and a silane having an 
average diameter of from 0.01 to 1 p dispersed in the 
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polyamide resin is particularly preferred. The thickness of 
such an interlayer is preferably froml to 20 |om. 

The N-type semi-conductive fine particle is a fine 
particle in which an electron functions as the 
electroconductive carrier. The particle contained in the 
insulation resin effectively blocks holes injected from the 
substrate and does not block electrons from the 
photosensitive layer . 

A method to confirming the N-type semi-conductive 
particle is described below. 

An interlayer of 5 jxm was prepared on an 
electroconductive substrate using a dispersion prepared by 
dispersing particles in a binder resin at a ratio of 50% by 
weight. The interlayer is negatively charged and the photo- 
decay of the charge measured. Alternatively, the interlayer 
is positively charged and the photo-decay of the charge can 
be measured. 

When the photo-decay of the negative charge is greater 
than that of the positive charge, the particle is an N-type 
semi-conductive particle . 



84 



6382 



Examples of the particles include titanium oxide Ti0 2 , 
zinc oxide ZnO and tin oxide Sn0 2 . Preferably used in the 
invention is titanium oxide. 

The average diameter of minute N-type semi-conductive 
particles is preferably from 10 nm to 500 nm, more preferably 
from 10 nm to 200 nm, and further preferably from 15 nm to 
200 nm, in the number average diameter of the primary 
particles . 

By the use of the fine particle having such the average 
diameter, high density and uniform dispersion of the 
particles in the interlayer can be attained to give 
sufficient charge stability and the black spotting preventing 
function to the interlayer. 

In the case of titanium oxide, for example, the number 
average of the diameter of the primary particles of the N- 
type semi-conductive fine particle is determined as the 
number average of the Fere diameter obtained by image 
analysis of image of randomly selected 100 primary particles 
employing a transmission electron microscope at a 
magnification of 10,000. 

The N-type semi-conductive fine particles posses 
various shapes such as branch-like, needle-like and grain- 
like. For example, the crystal type of titanium oxide 
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includes anatase type, rutile type and amorphous type. Any 
type may be used and two or more crystal types may be used in 
combination. Of them, the rutile type is most preferable. 

It is preferable that the N-type semi-conductive fine 
particle is used after a hydrophobilizing surface treatment. 
In one of the hydrophobilizing surface treatment, plural 
surface treatments are performed, and the last treatment is 
carried out using a reactive organic silicon compound. It is 
preferred that, at least one of the plural treatments is 
performed by at least one of alumina, silica and zirconia and 
the last treatment is carried out by the reactive organic 
silicon compound. 

The alumina, silica and the zirconia treatments are 
each a treatment to precipitate alumina, silica and zirconia 
onto the surface of the N-type semi-conductive fine particle, 
respectively. The alumina, silica and zirconia precipitated 
onto the fine particles each contains hydrated compound of 
alumina, silica and zirconia, respectively. The surface 
treatment via the reactive organic silicon compound is 
performed by using a treatment solution containing a reactive 
organic silicon compound. 

The surface of N-type semi-conductive fine particle 
su.ch as the titanium oxide particle is uniformly covered by 
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at least two repeated surface treatments. The surface of the 
treated N-type semi-conductive fine particle shows high 
dispersibility in the interlayer, and results in a good 
photoreceptor without occurrence of image defects such as the 
black spotting can be obtained. 

The photoreceptor may be a single layer photoreceptor 
in which a layer having both functions of charge generation 
and charge transfer is provided on an interlayer. However, 
it is preferable that the function of the photosensitive 
layer is separated into a charge generation layer CGL and a 
charge transfer layer CTL. By such a separation, the 
increase of the residual potential accompanying repeated use 
can be controlled to low levels and other electrophotographic 
properties can also be easily controlled depending on the 
purpose. In a photoreceptor to be negatively charged, it is 
preferred that the CGL is provided on the interlayer and the 
CTL is provided on the CGL. In a photoreceptor to be 
positively charged, the CTL is provided on the interlayer and 
the CGL is provided on the CTL. In the invention, the 
negatively charged photoreceptor having a function separated 
structure is most preferable. 

The layer arrangement of the function separated type 
negatively charged photoreceptor is described below. 
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CGL 

CGL contains a charge generation material, CGM. A 
binder resin and another additive may be incorporated based 
on the desired function. 

Examples of the CGM include a phthalocyanine dye, an 
azo dye, a perylene dye and an azurenium dye. Of these a CGM 
having a crystal structure capable of assuming a stable 
aggregated structure among plural molecules thereof is most 
effective to inhibit an increase of residual potential 
accompanying repeated use. Specifically, CGM of a 
phthalocyanine dye and perylene dye each having a specific 
crystal structure are exemplified. For example, CGM of 
titanylphthalocyanine having a maximum peak of Bragg angle 
29 of diffraction of Cu-Ka X-ray at 27.2°, and 
benzimidazoleperylene having a maximum peak of the 20 angle 
at 12.4° show almost no degradation accompanying repeated use 
and make the residual potential to small. 

A resin can be used as the dispersing medium of the CGL 
or the CTL. Examples of preferable resins include a formal 
resin, a butyral resin, a silicone resin, a silicone-modif ied 
butyral resin and a phenoxy resin. By the use of such the 
resins, the increase of residual potential accompanying 
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repeated use can be most inhibited. The ratio of the charge 
generation material to the binder resin is preferably from 20 
to 600 parts by weight per 100 parts by weight of the binder 
resin. The thickness of the charge generation layer is 
preferably from 0.01 to 2 |im. 
CTL 

CTL contains the charge transfer material CTM and a 
binder resin for dispersing the CTM and for forming layer. 
An additive such as an antioxidant may be contained according 
to necessity. 

As the CTM, a mixture of two or more kinds of compounds 
each represented by Formula (1) may be used, each of which 
has the average molecular weight of not more than 2,500, and 
different from each other in the n value of Formula (1) . In 
addition, for example, a triphenylamine derivative, a 
hydrazone compound, a styryl compound, a benzidine compound 
and a butadiene compound may be used together. The charge 
transfer material is usually dissolved in a suitable resin 
for forming the layer. 

Examples of resin to be used for CTL include a 
polystyrene resin, an acryl resin, a methacryl resin, a vinyl 
chloride resin, a vinyl acetate resin, a polyvinyl butyral 
resin, an epoxy resin, a polyurethane resin, a phenol resin, 
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a polyester resin, an alkyd resin, a polycarbonate resin, a 
silicone resin, a me 1 amine resin and a copolymer containing 
two or more repeating units of the above-listed resins. 
Other than the forgoing insulation resin, an organic semi- 
conductive material such as poly-N-vinylacrbazole is also 
usable. 

Of these, polycarbonate resin is most preferable as the 
binder from the viewpoint of the dispersibility of the CTM 
and electrophotographic properties. The ratio of the charge 
transfer material to the binder is preferably from 10 to 200 
parts by weight per 100 parts by weight of the binder resin. 

It is preferable that the CTL contains an antioxidant. 
The antioxidant prevents or inhibits the action caused by 
lighting, heating or discharging to an auto-oxidizable 
substance being at interior or surface of the photoreceptor. 
Typical examples of the antioxidant are as follows. 
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2-4 




The charge transfer layer may be constituted by two or 
e layers. In such case, the surface charge transfer layer 
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satisfies the requirements of the invention. The thickness 
of the charge transfer layer is preferably from 10 to 40 ^m. 

Examples of the solvent or the dispersing medium for 
forming the photosensitive layer, interlayer and surface 
layer include n-butylamine, diethylamine, ethylenediamine, 
isopropanolamine, triethanolamine, triethylenediamine, N, N- 
dimethylformamide, acetone, methyl ethyl ketone, methyl 
isopropyl ketone, cyclohexanone, benzene, toluene, xylene, 
chloroform, dichloromethane, 1, 2-dichloroethane, 1, 2 
dichloropropane, 1, 1, 2- trichloroethnae, 1,1,1- 
trichloroe thane, trichloroethylene, tetrachloroethnae, 
tetrahydrofuran, dioxolane, dioxane, methanol, ethanol, 
butanol, isopropanol, ethyl acetate, butyl acetate, 
dimethylsulfoxide and methyl cellosolve. Dichloromethane, 
1, 2-dichloroethane and methyl ethyl ketone are preferably 
used even though the invention is not limited to the above- 
mentioned. These solvent may be used solely or as a mixture 
of two or more kinds thereof. 

The coating liquids for the layers are preferably 
filtered with such as a metal filter or a membrane filter 
before the coating thereof to remove foreign matters or an 
aggregate. It is preferable that the filter is selected from 
filters such as a pleated type filter (HDC) , a depth type 
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filter (Profile), each manufactured by Nihon Paul Co., Ltd. 
and a semi-depth type filter (Prof ilestar ) based on the 
properties of the coating liquid. 

A coating method such as an immersion coating method, a 
spray coating method or a circular coating amount controlling 
type coating method is usable for producing the organic 
electrophotographic photoreceptor. The spray coating method 
or the coating method using a circular coating amount 
controlling coating type coater, being typically a circular 
slide hopper coater, is preferably applied for coating the 
upper layer of the photosensitive layer since dissolving of 
the lower layer can be inhibited to remain as small as 
possible and a uniform coated layer can be formed by such a 
coating method. The circular coating amount controlling type 
coater is preferably applied for the coating of the 
protective layer. The circular coating amount controlling 
coater is described in, for example, JP O.P.I. Publication 
No. 58-189061. 

The image forming method and the image forming 
apparatus using the photoreceptor according to the invention 
are described below. 
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Fig. 1 shows a cross section of the structure of an 
image forming apparatus as an example of the image forming 
method according to the invention. 

In Fig. 1, numeral 50 is a photoreceptor drum as an 
image carrier which is a photoreceptor comprising a drum and 
an organic photosensitive layer coated on the drum; the drum 
is grounded and driven to be clockwise rotated. 52 is a 
scorotron charging device as a charging unit which provides 
uniform charge onto the circumferential surface of the 
photoreceptor drum 50 by corona discharge. The residual 
charge on the drum surface may be removed before charging by 
charging device 52 by using pre-exposing device 51 having a 
light emission diode for erasing the charge history. 

After uniformly charging the photoreceptor, image 
exposure based on the image information is provided by image 
exposure device 53 as an image exposing means. The light 
source of the exposing device 53 is a laser diode which is 
not shown in the drawing. A latent static image is formed by 
scanning via light beam along the optical path introduced by 
reflection mirror 532 through rotating polygon mirror 531 and 
an f0 lens. 

The reversal developing process is a developing process 
in which the photoreceptor surface is uniformly charged by 
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charging device 52 and the potential of the image exposed 
area or the exposed area potential is visualized by a 
developing unit. Alternatively, the unexposed area is not 
visualized by the bias potential applied to developing sleeve 
541 . 

Then the latent static image is developed by a 
developing device 54 as a developing unit. Developing device 
54 including a developer comprising a toner and a carrier is 
arranged around photoreceptor drum 54, and the development is 
performed by developing sleeve 541 incorporating a magnet and 
rotated while holding the developer. The interior of the 
developing device 54 is constituted by a developer stirring 
and conveying member 544 and 543 and a conveying developer 
amount regulation member 542, whereby the developer is 
stirred, conveyed and supplied to the developing sleeve. The 
supplied amount of the developer is regulated by conveying 
amount regulating member 542. The conveyed amount of the 
developer is usually from 20 to 200 mg/cm 2 even though the 
amount may vary depending on the line speed of the 
electrophotographic photoreceptor and the specific gravity of 
the developer. 

The developer is composed of the carrier, the toner and 
the external additive. The carrier is composed of a ferrite 
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core coated with an insulation resin, and the toner is 
composed of a colored particle comprising the styrene-acryl 
resin as the principal component, the charge controlling 
agent and low molecular weight polyolefin. Examples of the 
external additive include silica and titanium oxide. The 
developer is conveyed into the developing zone while the 
layer thickness thereof is regulated by the conveying toner 
amount regulating member, and the development is performed. 
At this time, the development is usually performed while 
applying direct current bias, and alternative current bias 
based on necessity, between the photoreceptor drum and 
developing sleeve 541. Development is performed in the 
status in which the developer is contact or not in contact 
with the photoreceptor. The electrical potential of the 
photoreceptor is measured by a potential sensor installed at 
the upper portion of the developing zone. 

Recording paper P is synchronously supplied into the 
transfer zone by the rotation of a paper supplying roller 57 
in timing of transfer after the image formation. 

In the transfer zone, transfer electrode 58 
synchronously acts on the circumference of the photoreceptor 
drum in time with the transfer to apply charge having the 
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reversed polarity of the toner to recording paper P to which 
the toner transfers. 

The charge of recording paper P is neutralized by a 
separation electrode or separating device 59, and the 
recording paper P is separated from the circumference of the 
photoreceptor drum 59 after which it is conveyed into fixing 
device 60. In the fixing device the toner is fused and fixed 
onto the paper by heating and pressing by a heating roller 
601 and a pressing roller 602 and ejected out from the 
apparatus through ejecting roller 61. Transfer electrode 58 
and separation electrode 59 are temporarily stopped after 
passing of recording paper P for preparing to the subsequent 
image formation. In Fig. 1, a scorotron transfer electrode 
is used. Conditions of the transfer electrode are set at, 
for example, a transfer current of from +100 to +400 |iA and a 
transfer voltage of from +500 to +2,000 V even though the 
conditions cannot be simply limited since the conditions vary 
depending on the processing speed or circumferential rate of 
the photoreceptor. 

Toner remaining on photoreceptor drum 50 after the 
separation of recording paper P is removed, and the drum 
surface is cleaned by cleaning blade 621 of a cleaning device 
or cleaning unit 62 pressed onto the drum, which is then 
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subjected to exposure before charging by pre-exposing device 
51 and to charging by charging device 52. Thus photoreceptor 
drum 50 enters the next image forming cycle. 

Numeral 70 is a processing cartridge capable of being 
freely installed in and released from the apparatus, in which 
the photoreceptor, the charging device, the transferring 
device, the separation device and the cleaning device are 
integrated. 

The electrophotographic photoreceptor according to the 
invention is suitable for an electrophotographic 
photoreceptor, a laser printer, an LED printer and a liquid 
crystal shutter type printer. Further, the photoreceptor can 
be widely applied to an apparatus utilizing 

electrophotographic technology for display, recording, light 
printing, plate making and facsimile. 

EXAMPLES 

The present invention is described in detail referring 
to the examples below. In the following, "part" means "parts 
by weight". 
Example 1 

Photoreceptors containing a mixture of compounds 
represented by Formula A were prepared as follow. 
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Preparation of Photoreceptor 1A 
<Interlayer> 

Polyamide resin, Amilan CM-8000 (Toray Co., Ltd.) 

60 parts 

Inorganic fine particles, titanium oxide SMT500SAS 
(Tayca Corporation, surface treated by silica, 
alumina, and methyl hydrogen polysiloxane) 

180 parts 

Methanol 1600 parts 

1-butanol 400 parts 

The above components were mixed and dissolved to 
prepare an interlayer coating liquid. The coating liquid was 
coated by an immersion method on the cylindrical aluminum 
substrate and dried. Thus a 1 . 0 jxm interlayer was prepared. 
<Charge generation layer> 

Titanylphthalocyanine (The highest peak of Bragg angle 
20 of 27.3° for Cu-Ka characteristic X-ray . 
diffraction) 60 parts 

Silicone resin solution, 15% xyrene/butanol solution of 
KR5240 (Shin'etsu Kagaku Co., Ltd.) 700 parts 

The above components were mixed and dispersed for 10 
hours using a sand mill to prepare a charge generation layer 
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coating liquid. The coating liquid was coated onto the 
interlayer by the immersion method and dried. Thus a 0.3 Jim 
charge generation layer was formed. 
<Charge transfer layer> 

Charge transfer material (Compound of Synthesizing 



Binder resin, bis-phenol Z type polycarbonate Eupiron 
Z300 

(Mitsubishi Gas Chemical Company Inc.) 300 parts 
Antioxidant, Sanol LS2626 (Sankyo Co., Ltd.) 1.7 parts 



The above components were mixed and dissolved to 
prepare a charge transfer layer coating liquid. The coating 
liquid was applied onto the charge generation layer by the 
immersion method and dried for 40 minutes at 100 °C to form a 
22 jam charge transfer layer, whereby Photoreceptor 1A was 
prepared. 

Preparation of Photoreceptors of 2A through 14A 

Photoreceptors 2 through 14A were prepared in the same 
manner as Photoreceptor 1A except that the charge generation 
compound, the charge transfer compound, the amounts of the 



Example 1) 



150 parts 



Tetrahydrof uran 



2000 parts 
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compounds, and the thickness of the charge transfer layer 
were altered as shown in Table 1. 
Preparation of Photoreceptor 15A 

Photoreceptor ISA was prepared in the same manner as 
Photoreceptor 1A except that the charge transfer material or 
the compound of Synthesizing Example 1 was replaced by the 
component n = 0 of Compound 21A (p = 0, q = 0) synthesized 
by a commonly known, method. The purity of the component was 
greater than 99%. 

Preparation of Photoreceptor 16A 

Photoreceptor 16A was prepared in the same manner as 
Photoreceptor 1A except that the charge transfer material or 
the compound of Synthesizing Example 1 was replaced by the 
n = 3 component of Compound 21A (p = 0, q = 0) separated by 
liquid chromatography from the compound of Synthesizing 
Example 1. The purity of the component was larger than 99%. 
However, any photoreceptor capable of being evaluated cannot 
be obtained since the compound was not permissible with the 
binder resin and precipitated. 

Preparation of Photoreceptor 17A 

The compound of Synthesizing Example 1 was separated by 
liquid chromatography into each component and a mixture of 
50% of the n = 1 component and 50% of n = 2 of Compound 21A 
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(P = Of q = 0) was prepared. Then Photoreceptor 17A was 
prepared in the same manner as Photoreceptor 1A except that 
the charge transfer material was replaced by the above 
mixture . 
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In the above table, Y is titanylphthalocyanine pigment 
(in which the highest peak of a Bragg angle 20 is 27.3° of a 
Cu-Koc characteristic X-ray diffraction spectrogram) . 

Z is bemzimidazoleperylene pigment (the highest peak of 
a Bragg angle 28 is 12.4° of a Cu-Ka characteristic X-ray 
diffraction spectrogram) . 

(Rp + Rs) is the sum of the content in percent of the 
compound having the maximum content in the mixture and the 
content in percent of the compound having the content next to 
the maximum content. 

The distribution or content ratio of n of the chain 
structure of the charge transfer material is determined based 
on the ratio of the area of high speed liquid chromatograph 
GPC . The average molecular weight, Mw, is the weight average 
molecular weight in terms of polystyrene determined via gel 
permeation chromatography. 
Evaluation 

The above-obtained Photoreceptors 1A through 17A were 
each installed into a digital copying machine utilizing 
reversal development system Konica 7 085, manufactured by 
Konica Corp., and subjected to the following evaluation. The 
copying machine had a scorotron charging device, a semi- 



107 



6382 



conductor laser exposing device emitting 680 run light, a 
reversal developing unit and a printing rate of 85 sheets of 
A4 size paper per minute. Evaluation was carried out under 
an environmental conditions, or temperature and moisture 
conditions based on each of the evaluation items. The 
evaluation was basically performed on 10,000 copied sheets by 
an intermittent mode. Used an original image for the copying 
test was a A4 size image including a texture image at a pixel 
ratio of 7%, a halftone image, a solid white image and a 
solid black image each occupying one fourth of the original 
image area. Results of the evaluation are shown in Table 4. 
Evaluation condition 

Line speed: 420 mm/second 

Duration between the imagewise exposure and the 
developing position: 0.108 second 
Charging condition 

Charging device: Scorontron charging device for 
negative charging 

Charging potential: -700 V to -750 V 
Exposure condition 

Exposure, amount was set so that the potential of the 

solid black image portion was -100 V. 
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A developer composed of a ferrite carrier coated with 
an insulation resin and a toner composed of a colored 
particles and silica and titanium oxide added as the external 
additive was used. The colored particle had a volume average 
diameter of 5.3 |jjn and contained a styrene-acryl resin as the 
principal component, carbon black as the colorant, a charge 
controlling agent and a low molecular weight polyolefin. The 
colored particles were prepared via a polymerization method. 
Transferring condition 

Transferring electrode: Corona charging electrode for 
positive charging 
Separation condition 

A separating unit of a separation claw unit was used. 
Cleaning condition 

A cleaning blade having a hardness of 70°, a repulsive 
elasticity of 65%, a thickness of 2 mm and a free length of 9 
mm was placed onto the photoreceptor in the counter clockwise 
direction and a line pressure of 18 g/cm was applied by a 
weight loading system. 
Evaluation items and methods 

Evaluation was carried out at high speed response or 
electrical potential variation of the solid black image area 
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under a low temperature and low humidity condition of 10 °C 
and 20% RH. 

Copying of 10,000 sheets by an intermittent mode was 
performed under the above low temperature-humidity condition. 
Used as the original image for the copying test was a A4 size 
image including text at a pixel ratio of 7%, a halftone 
image, a solid white image and a solid black image each 
occupying one fourth of the original image area. The 
difference of the electrical potential at initiation of 
printing and that after 10,000 sheets of copying of the solid 
black image area |AV| was measured. A smaller value of |AV| 
corresponds to a higher high-speed response under the low 
temperature and low moisture condition of 10 °C and 20% RH, 
respectively. 

A: The electrical potential variation of the solid 
black image area |AV| was less than 50V; rated as good. 

B: The potential variation at the solid black image 
area |AV| is from 50 V to 150 V; rated as no problem for 
practical use. 

C: The potential variation at the solid black image 
area |AV| was more than 150V; rated as potential problems in 
the practical use. 
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Thinning of texture image under low temperature and low 
humidity condition of 10 °C and 20% RH. 

An original image on which line at a width of 0.1 mm 
and 0.2 mm was copied for evaluation. 

A: In the copied image, the width of reproduced line 
was not less than 75% of the original image; rated as good. 

B: In the copy image, the width of reproduced line was 
from 40% to 74% of the original image; rated as no problem 
for the practical use. 

C: In the copy image, the width of reproduced line was 
not more than 39% of that of the original image or the line 
image was broken; rated as a potential problem in practical 
use . 

Black spotting under a high temperature and high 
humidity condition of 30 °C and 80% RH 

The occurrence of the black spotting (strawberry seed 
like shaped spotted image) on the halftone image was 
evaluated according to the following norms. 

A: No black spotting forming nucleus was observed on 
the photoreceptor and no black spotting observed on the 
halftone image; rated as good. 
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B: No black spotting occurred on the halftone image 
even though black spotting forming nuclei observed on the 
photoreceptor; rated as no problem for practical use. 

_ C: Black spotting forming nuclei were observed on the 
photoreceptor and black spotting occurred on the halftone 
image; rated as a potential problem in practical use. 

Occurrence of recurring image defects under a high 
temperature and high humidity condition of 30 °C and 80% RH 

Evaluated was number of visible recurring defect such 
as a white image lacking, black spotting, and line-shaped 
defects wherein synchronous with the period of rotation of 
the photoreceptor. 

A: Frequency of image defects of not less than 0.4 mm 
was not more than 5 per A4 size image in the entire copies; 
rated as good. 

B: Frequency of the image defect of not less than 0.4 
mm was that at least one sheet having 6 to 10 defects per A4 
size image was found; rated as no problem for practical use. 

C: Frequency of the image defect of not less than 0.4 
mm was that at least one sheet having not less than 11 
defects per A4 size image was found; rated as a potential 
problem in practical use. 

Cracking 
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The power source was turned to the digital copying 
machine Konica 7085 in which the photoreceptors to be 
evaluated were installed, and stood idle for 2 days under a 
condition of 30 °C and 80% RH. During the idling for 2 days, 
the devices around the photoreceptor were stayed at the 
condition when the action was stopped, namely the cleaning 
blade and the developer conveying member remained in the 
contacted state to the photoreceptor. Thereafter, the 
occurrence of the cracking on the surface of the 
photoreceptor was observed, in addition, the occurrence of 
linear image defects accompanying the occurrence of cracking 
was also evaluated. 

A: One hundred photoreceptors were evaluated but no 
cracking nor image defect were found; rated as good. 

B: One hundred photoreceptors were evaluated and slight 
cracking was found but no image defect was observed; rated as 
no problem for practical use. 

C: One hundred photoreceptors were evaluated and 
cracking and the line-shaped image defects were observed; 
rated as potential a problem in practical use. 

Image density under the low temperature and low 
humidity condition of 10 °C and 20% RH 
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The reflective density of a solid black image was 
measured via RD-918, manufactured by Macbeth Co., Ltd. The 
evaluation was performed according to the relative density 
when the density of an A4 size paper sheet before copying was 
set at 0.00. 

A: Not less than 1.2; rated as good. 

B: Not less than 1.2 to 0.8; rated as no problem for 
practical use. 

C: Less than 0.8; rated as a potential problem in 
practical use. 

Sharpness 

Images of 3 and 5 point characters formed under low 
temperature and humidity condition of 10 °C and 20% RH 
respectively and that formed under a high temperature and 
humidity condition of 30 °C and 80% RH were evaluated for 
spreading of the text images according to the following 
norms . 

A: Both of the images of the 3 and 5 point characters 
were clear and easily read. 

B: Part of the images of 3 point character were 
unreadable but the images of 5 point character were easily 
read. 
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C: Almost all of the images of 3 point characters were 
unreadable and all or parts of the images of 5 point 
characters were also unreadable. 
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As is shown in Table 2, Photoreceptors 1A through 14A 
using the mixture of compoundss as the charge transfer 
material in which (Rp + Rs) is not more than 99% are 
excellent in the high speed response, namely the potential 
variation of the solid black image area is small, under a low 
temperature and low humidity condition of 10 °C and 20% RH, 
accordingly thinning of the character image does not occur. 
In addition, the black spotting, the recurring image defects 
and the cracking are not observed with excellent image 
density and the sharpness. On the contrary, Photoreceptor 
15A using only the low molecular weight compound of n = 0 is 
inferior in the high speed response under the low temperature 
and low, humidity condition and causes the thinning of the 
character image. In addition, the layer is soft; the black 
spotting and the . recurring image defects occur and the image 
density and the sharpness are also degraded. In the case of 
Photoreceptor 16A only using the high molecular weight 
compound of n = 3, the compatibility of the compound with the 
binder resin is poor, and the photoreceptor has little 
sensitivity. Therefore, such a photoreceptor is not worth 
evaluation. In Photoreceptor 17A using a mixture of 50% of 
component n = 1 and 50% of component n = 2 of Compound 21A (p 
=0, q = 0) , solubility of the compound mixture with a binder 
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resin is insufficient. Consequently, the potential variation 
of the solid black image portion is large and the recurring 
image defects and the cracking occur. In addition the image 
density and the sharpness are also lowered. 
Example 2 

Photoreceptors containing the mixture of compounds 
represented by Formula B were prepared as follows. 
Preparation of Photoreceptor IB 
<Interlayer> 

Polyamide resin, Amilan CM-8000 (Toray Co., Ltd.) 

60 parts 

Inorganic particle: Titanium oxide SMT500SAS 

(Tayca Corporation, Surface treated by silica, alumina 
and methylhydrogenpolysiloxane) 180 parts 

Methanol 1600 parts 

1-butanol 400 parts 

The above components were mixed and dissolved to 
prepare an interlayer coating liquid. The coating liquid was 
coated on a cylindrical aluminum substrate by the immersion 
coating method and dried to form a 1.0 ^ interlayer. 
<Charge generation layer> 
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Titanylphthalocyanine (The highest peak of Bragg angle 29 
at a 27.3° of Cu-Koc characteristic X-ray diffraction) 

60 parts 

Silicone resin solution, 15% xylene-butanol solution of 

KR5240 (Shin'etsu Kagaku Co., Ltd.) 700 parts 

2-butanone 2000 parts 

The above components were mixed and dispersed by a sand 
mill for 10 hours to prepare a charge generation layer 
coating liquid. The coating liquid was applied onto the 
foregoing interlayer by an immersion method and dried. Thus 
a 0.3 pi charge generation layer was formed. 
<Charge transfer layer> 

Charge transfer material, Compound of Synthesizing Example 

4 150 parts 

Binder resin, bis-phenol Z type polycarbonate Eupiron Z 

300 (Mitsubishi Gas Chemical Company Inc.) 300 parts 
Antioxidant Sanol LS2626 (Sankyo Co., Ltd.) 1.7 parts 

Tetrahydrofuran (boiling point: 64.5 °C) 2200 parts 
The above components were mixed and dissolved to 
prepare a charge transfer layer coating liquid. The coating 
liquid was applied onto the foregoing charge generation layer 
by an immersion coating method and dried for 40 minutes at 
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100 °C. Thus a of 22 jlxiti charge transfer layer was formed to 
prepare Photoreceptor IB. . 
Preparation of Photoreceptors 2B through 14B 

Photoreceptors 2B through 14B were prepared in the same 
manner as Photoreceptor IB except that the compound of charge 
generation material, the compound of charge transfer material 
and their amount and thickness of the charge transfer layer 
were changed as listed in Table 3. 
Preparation of Photoreceptor 15B 

Photoreceptor 15B was prepared in the same manner as 
Photoreceptor IB except that the charge transfer material or 
the compound of Synthesizing Example 5 was replaced by the 
component n = 0 of Compound 11B (m = 0) synthesized by a 
commonly known method. The purity of the component was 
greater than 99%. 

Preparation of Photoreceptor 16B 

Photoreceptor 16B was prepared in the same manner as 
Photoreceptor IB except that the charge transfer material or 
the compound of Synthesizing Example 5 was replaced by the 
component n = 3 of Compound 11B (m = 0) separated by liquid 
chromatography from the compound of Synthesizing Example 5. 
The purity of the component was larger than 99%. However, 
any photoreceptor capable of being evaluated could not be 
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obtained since the compound was not compatible with the 
binder resin and precipitated. 
Preparation of Photoreceptor 17B 

Compound 11B (m = 0) was separated by liquid 
chromatography into each component and a mixture of 50% of 
the component n = 2 and 50% of n = 3 was prepared. Then 
Photoreceptor 17B was prepared in the same manner as 
Photoreceptor IB except that the charge transfer material was 
replaced by the above mixture. 
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In the above table, Y and Z are the same as those in 
Table 1. 

(Rp + Rs) is the same as that in Table 1. 

The distribution or the ratio of the n of the chain 
structure of the charge transfer material was determined from 
the area ratio of the high speed liquid chromatography. The 
average Mw was the weight average molecular weight in terms 
of polystyrene determined by the gel permeation 
chromatography . 
Evaluation 

Thus obtained Photoreceptors IB through 17B were each 
installed into the reversal development digital copying 
machine Konica 7085 having a scorotron charging device, a 
semi-conductor laser exposing device emitting light at 680 nm 
and a reversal developing unit, and operated at a copying 
rate of 85 sheets of a4 size paper per minute, and evaluated 
in the same manner as Example 1. Results of the evaluation 
are listed in Table 4. 
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Table 4 



Photo- 
receptor 
No. 


Potential 
variation 
at solid 
black 
image 
area 
( |AV| ) 


Thinn- 
ing of 
char- 
acter 
image 


Black 
spott 
ing 


Rp cur r 

ing 
image 
defect 


Crack 
ing 


Image 
den- 
sity 


Sharp 
-ness 


Re- 
marks 


IB 


A 


A 


A 


A 


A 


A 


A 


Inv. 


2B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


3B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


4B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


5B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


oB 


A 


A 


A 


A 


A 


A 


A 


Inv. 


7B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


8B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


9B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


10B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


11B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


12B 


A 


B 


A 


B 


A 


B 


B 


Inv. 


13B 


B 


B 


A 


A 


B 


B 


B 


Inv. 


14B 


A 


A 


A 


A 


A 


A 


A 


Inv. 


15B 


C 


C 


C 


C 


B 


C 


C 


Comp. 


16B 


*1 


*1 


*1 


*1 


*1 


*1 


*1 


Comp. 


17B 


C 


B 


B 


C 


C 


C 


C 


Comp. 



Inv.; Inventive Comp.; Comparative- 



* 1 ; Cannot be evaluated . 

As is shown in Table 4, Photoreceptors IB through 14B 
using the mixture of compoundss as the charge transfer 
material in each of which (Rp + Rs) is not more than 99% are 
excellent in the high speed response, namely the potential 
variation of the solid black image area is small, under low 
temperature and humidity conditions of 10 °C and 20% RH, so 
that thinning of image characters does not occur. In 
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addition, the black spotting, the recurring image defects and 
the cracking are not formed and excellent in the image 
density and the sharpness. Contrary, Photoreceptor 15B only 
using the low molecular weight n = 0 compound is inferior in 
the high speed response under the low temperature and 
humidity condition and causes the thinning, of the character 
image. In addition, the layer is soft; black spotting and 
recurring image defects occur, and in addition image density 
and sharpness are also degraded. In the case of 
Photoreceptor 16B using only the high molecular weight 
compound n = 3, the compatibility of the compound with the 
binder resin is poor, and the photoreceptor has little 
sensitivity. Therefore, such a photoreceptor is not worth 
evaluation. In Photoreceptor 17B using the mixture of 50% of 
component n = 2 and 50% of component n = 3 of Compound 11B 
(m = 0), the solubility of the compound mixture with the 
binder resin is insufficient. Consequently, the potential 
variation at solid black image area is wide and the recurring 
image defects and the cracking occur. In addition image 
density and sharpness are also lowered. 
Example 3 

Photoreceptors containing the mixture of compounds 
represented by Formula C.were prepared as follows. 
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Preparation of Photoreceptor 1C 
<Interlayer> 

Polyamide resin, Amilan CM-8000 (Toray Co., Ltd.) 

60 parts 

Inorganic particle: Titanium oxide SMT500SAS 

(Tayca Corporation, Surface treated by silica, alumina 
and methylhydrogenpolysiloxane ) 180 parts 

Methanol 1600 parts 

1- butanol 400 parts 

The above components were mixed and dissolved to 
prepare an interlayer coating liquid. The coating liquid was 
coated on a cylindrical aluminum substrate by an immersion 
coating method and dried to form a 1.0 (im interlayer. 
<Charge generation layer> 

Titanylphthalocyanine (The highest peak of a Bragg angle 
20 at 27.3° for Cu-Ka characteristic X-ray diffraction) 

60 parts 

Silicone resin solution, 15% xylene-butanol solution of 
KR5240 (Shin'etsu Kagaku Co., Ltd.) 700 parts 

2- butanone 2000 parts 

The above components were mixed and dispersed by a sand 
mill for 10 hours to prepare a charge generation layer 
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coating liquid. The coating liquid is coated onto the 
foregoing interlayer by the immersion method and dried. Thus 
a 0.3 jam charge generation layer was formed. 
<Charge transfer layer> 
• Charge transfer material, Compound of Synthesizing Example 
4 150 parts 

Binder resin, bis-phenol Z type polycarbonate Eupiron Z 

300 (Mitsubishi Kagaku Co., Ltd.) 300 parts 

Antioxidant Sanol LS2626 (Sankyo Co., Ltd.) 1.7 parts 

Tetrahydrofuran (boiling point: 64.5 °C) 2200 parts 
The above components were mixed and dissolved to 
prepare a charge transfer layer coating liquid. The coating 
liquid was coated on the foregoing charge generation by the 
immersion coating method and dried for 40 minutes at 100 °C. 
Thus a charge transfer layer with a thickness of 22 [xm was 
formed to prepare Photoreceptor 1C. 
Preparation of Photoreceptor 2C 

Photoreceptor 2C was prepared in the same manner as 
Photoreceptor 1C except that the compound of Synthesizing 
Example 6 was replaced by the compound of Synthesizing 
Example 7 . 

Preparation of Photoreceptors 3C through 10C 
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Photoreceptors 3C through IOC were prepared in the same 
manner as Photoreceptor 1C except that the compound of charge 
generation material, the compound of charge transfer material 
and the amount of them and the thickness of the charge 
transfer layer were changed as listed in table 5. 
Preparation of Photoreceptor 11C 

Photoreceptor 11C was prepared in the same manner as 
Photoreceptor 1C except that the charge transfer material or 
the compound of Synthesizing Example 6 was replaced by the 
component n = 0 of Compound 17C synthesized by the known 
method. The purity of the component was larger than 99%. 
Preparation of Photoreceptor 12C 

Photoreceptor 12C was prepared in the same manner as 
Photoreceptor 1C except that that the charge transfer 
material or the compound of Synthesizing Example 6 was 
replaced by the component n '= 4 of Chemical Structure 17C 
separated by liquid chromatography from the compound of 
Synthesizing Example 6. The purity of the component was 
larger than 99%. However, any photoreceptor capable of being 
subjected to the evaluation cannot be obtained since the 
compound was not permissible with the binder resin and 
precipitated. 

Preparation of Photoreceptor 13C 
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The compound of Synthesizing Example 6 was separated by 
liquid chromatography into each component and a mixture of 
50% of the component n = 3 and 50% of that of n = 4 of 
Chemical Structure was prepared. Then Photoreceptor 13C was 
prepared in the same manner as Photoreceptor 1C except that 
the charge transfer material was replaced by the above 
mixture. 
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In the above table, Y and Z are the same as those in 
Table 1. 

(Rp + Rs) is the same as that in Table 1. 
The distribution or the ratio of the n of the chain 
structure of the charge transfer material was determined from 
the area ratio via high speed liquid chromatography GPC. The 
average Mw was the weight average molecular weight converted 
to polystyrene determined by gel permeation chromatography. 
Evaluation 

Thus obtained Photoreceptors 1C through 13C were each 
installed into a being a reversal development digital copying 
machine Konica 7085 having a scorotron charging device, a 
semi-conductor laser exposing device emitting light at 680 nm 
and a reversal developing unit, and operation of a copying 
rate of 85 sheets of A4 size paper per minute, and was 
evaluated in the same manner as in Example 1. Results of the 
evaluation are shown in Table 6. 
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As is shown in Table .6, Photoreceptors 1C through IOC 
using the mixture of compoundss as the charge transfer 
material in each of which (Rp + Rs) is not more than 99% are 
excellent in the high speed response, namely the potential 
variation of the solid black image area is small, under low 
temperature and low humidity condition of 10 °C and 20% RH, 
accordingly thinning of the character image does not occur. 
In addition, the black spotting, the recurring image defect 
and the cracking are not formed and results in excellent 
image density and sharpness. On the contrary, Photoreceptor 
11C using only the low molecular weight compound n = 1 is 
inferior in the high speed response under low temperature and 
humidity condition and causes thinning of image characters. 
In addition, the layer is soft; black spotting and recurring 
image defects occur and image density and sharpness are also 
degraded. In the case of Photoreceptor 12C using only the 
high molecular weight compound n = 4, the compatibility of 
the compound with a binder resin is poor, and the 
photoreceptor exhibits low sensitivity. Therefore, such a 
photoreceptor is not worth evaluation. In Photoreceptor 13C 
using the mixture of 50% of component n = 3 and 50% of 
component n = 4 of Chemical Structure 17C, the solubility of 
the compound mixture with the binder resin is insufficient. 
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Consequently, the potential variation at the solid black 
image area is wide and recurring image defects and cracking 
occur. In addition the image density and the sharpness are 
also lowered. 



